IstIllers dried grains with soluble (DDGs) are a co-product of ethanol production from starch cereals (mainly corn). Dietary fiber is the sum of carbohydrates and lignin that are resistant to digestion by the small intestine enzymes. DDGs contains approximately 3 times dietary fiber more than corn. Dietary fiber in DDGS consists mainly of insoluble dietary fiber. The present study was conducted to evaluate the effect of gamma (γ) irradiation on crude fiber, soluble fiber and non-soluble fiber of irradiated corn DDGs at different doses 0, 10, 20 and 30kGy, and to evaluate the effect of feeding irradiated DDGs for rabbits and their effects on rabbit's performance (body weight, gain weight, feed intake, feed conversion, water intake, rectum temperature and respiration rate), apparent digestibility (dry matter, crude protein, crude fiber and ether extracts), carcass traits (carcass weight, dressing (%) and prime cuts (%) and blood biochemistry (Ast, Alt, total protein, albumin, globulin, creatinine, total lipids, total cholesterol, and blood urea). sixty New Zealand White weaned male rabbits of 35 days age were randomly divided to 4 treatment groups of approximately equal average weight (706g) with 15 animals each. The first group was fed the basal diet supplemented with 10% DDGS (nonirradiated) (control), 2 nd , 3 rd and 4 th groups were fed the control diet supplemented with 10% irradiated DDGS at 10, 20 and 30kGy, respectively. The obtained results revealed a decrease in crude fiber and increases in soluble fiber and insoluble fiber. The increases were linearly correlated with the increasing irradiation dose. The supplemented irradiated 10% DDGS up to 30kGy in the diet of growing rabbits resulted in a significant improvement of body weight, gain weight, feed conversion, the apparent digestibility of dry matter, crude protein, crude fiber, carcass traits (carcass weight, dressing (%) and prime cuts(%)), and the improvement was parallel with increasing the radiation dose. While, feed intake, water intake, rectal temperature, respiration rate, ether extracts digestibility, Ast, Alt, total protein, albumin, globulin, total lipids, total cholesterol, creatinine and blood urea were not altered by the treatments. Generally, it can be concluded that radiation processing with γ-rays improved the soluble and insoluble fiber and the digestibility of DDGS, and that DDGS supplemented diets fed to growing rabbits improved rabbits' growth performance without any deleterious effect on physiological and biochemical attributes.
Introduction
Dry-grind ethanol (bio-fuel) production is growing in the world market and is expected to continue to increase (renewable Fuels Association, 2012) . ethanol from grains is a relatively clean and renewable source of energy. Increasing production of ethanol from corn has resulted in large quantities of the residue of grain fermentation, known as distillers dried grains with soluble (DDGs). DDGs are the nutrient rich co-product of the dry-mill ethanol industry; they are the dried residue that remains after the fermentation of corn (or other grains) mash by selected yeasts and enzymes of starch from corn to produce ethanol and carbon dioxide (Butzen & Haefele, 2008) . Although corn is the major grain used in alcohol production, sorghum, barley and Egypt. wheat (milo) may also be used. DDGs contains much lower quantities of starch because most of the starch in the corn is converted to ethanol during the fermentation process; only small amounts of starch are present in DDGs. since, the fiber in corn is not converted to ethanol, the concentration of fiber is high in DDGS than the original grain. The nutrient (protein, fat, fiber, ash and phosphorus) content of DDGs is 2 to 3 times more concentrated than in corn (stein & shurson, 2009) . Generally, corn DDGs is utilized as a feed ingredient and recognized as a good source of crude protein (24-29%), exogenous amino acids, B-group vitamins, mineral compounds and biotin, including high available phosphorus. In addition, DDGs is considered a good source of energy supplement with a valuable source of xanthophyll and linoleic acid (Wang et al., 2007 and Purdum et al., 2014) . the nutrient composition of DDGs varies depending on the source of grain and the methods used for ethanol and DDGs production (Min et al., 2008) .
Impacts of Irradiated Distillers Dried Grains with Soluble (DDGS)
Dietary fiber is a key factor which determines nutrient utilization in the diet and more emphasis should be given to routine techniques that identify the nutritional and physiological "quality" of dietary fiber, where the impact of fiber level on digestibility may differ with the properties of the fiber (i.e. soluble vs. insoluble). Total dietary fiber (tDF) is the sum of the dietary carbohydrates that are resistant to digestion by mammalian enzymes in the small intestine, but it can be partially or completely fermented in the hindgut (Institute of Medicine, 2006) . According to its solubility, tDF can be divided into: Soluble dietary fibers (SDF), the part of tDF that comprises the non-starch and non-neutral detergent fiber (NDF) polysaccharides, including pectin substances, β-glucans, fructans and gums (Hall, 2003) , and the insoluble dietary and low-digested fiber fractions (IDF) including lignin's, cellulose and hemicelluloses (Gidenne, 2003 and trocino et al., 2013) . limitation of the dietary inclusion of DDGs in monogastric animals has been attributed to their high fiber content and to a marginal lysine deficiency associated with heat damage of this amino acid during DDGs manufacture (stein et al., 2006) . Dietary fiber in DDGS consists mainly of insoluble dietary fiber that may increase the water-binding capacity and bulkiness of the diet . However, the knowledge available about the effect of dietary inclusion of DDGs on the performance of growing rabbits is still scarce (soliman et al., 2010; Bernal-Barrágn et al., 2010 and Youssef et al., 2012) . Soluble fiber (SF) is an important nutrient that enhances fermentative activity and gut health in rabbits (Maertens et al., 2014) .
Food irradiation is a physical -cold process of food preservation by exposing the food to certain amount of ionizing radiation (gamma (γ) radiation, or high energy electrons, or X-rays). It has been recognized, approved and endorsed by international organizations (WHO, FAO, IAeA, Codex, etc.) as a reliable and safe method for food shelf-life extension, control of foodborne pathogens, disinfestations of insect pests, etc. It is also used for improving nutritional value and inactivation or removal of anti-nutritional factors in food and feed (siddhuraju et al., 2002 and Farkas, 2006) . It has been reported that treatment of soybean meal and canola meal with γ-radiation reduced degradation of protein by rumen microorganisms and increased intestinal protein digestibility (shawrang et al., 2008 and taghinejad et al., 2009) . to our knowledge, there is scarcely information in the literature about the effect of γ-irradiation on the characteristics of dietary fiber and the apparent digestibility of irradiated DDGS. Therefore, this study aims to evaluate the possible use of γ-irradiation processing at different doses to improve the apparent digestibility of DDGS and to investigate its effects as a dietary supplement on New Zealand White weaned male rabbit's performance and nutrients utilization as a monogastric model.
Materials and Methods
the experimental work of the present study was carried out at Food Irradiation research Department, National Center for radiation research and technology (NCrrt), Atomic energy Authority, Cairo, egypt, in cooperation with Faculty of Agriculture, Zagazig University, Zagazig, egypt.
Radiation processing
DDGS was obtained from Cairo Poultry Company, packed in well-sealed polyethylene bags. each bag contained about 5kg and was subjected to gamma (γ) -radiation from 60 Co source at dose levels of 0, 10, 20 and 30kGy, as monitored by FWT-60-00™ radio-chromic film at room temperature. the radio-chromic dosimeter was purchased from Far West technology, Inc., Goleta, California, UsA, (AstM, 2012 [IsO/AstM 51275:2012(E)]). The irradiation facility used was egypt's Mega Gamma-1 type J-65000 located at the National Center for radiation research and technology (NCrrt), Nasr City, Cairo, egypt. the non-irradiated and irradiated DDGs (0, 10, 20 and 30kGy) samples were stored at 4ºC until being used. radiation dose rate during the experimental period was 2.69kGy/h.
Determination of crude fiber, soluble fiber and insoluble fiber of DDGS
The crude fiber analysis was determined according to AOAC (2012) approved procedure methods of analysis, No. 973.18 using ANKOM 2000 fiber analyzer. The soluble and insoluble fiber was determined using ANKOM dietary fiber analyzer technology method, UsA.
Experimental animals
sixty New Zealand White (NZW) weaned male rabbits of 35 days age were randomly divided into 4 treatment groups of approximately equal average weight (706g) with 15 animals each. table 1 shows the chemical analysis of DDGs which were analyzed according to AOAC (1990) . The first group fed control basal diet supplemented with 10% DDGS (non-irradiated), 2 
Experimental design and diets

Management and housing
All the animals were healthy and clinically free of external and internal parasites and were kept, maintained and treated in adherence to the accepted standards for the humane treatment of animals. All rabbits were kept under the same managerial, hygienic and environmental condition. Rabbits were reared in wire cages as groups, in a well ventilated building, fresh water was automatically available all the time through stainless steel nipples fixed in each cages. All rabbit cages were equipped with feeders and nipples. During the experiment, the total artificial light was about 16h/day. Feed intake was recorded weekly during the whole experimental period. the rabbits were weighed weekly from the beginning till the end of the experiment. Live body weight (g), gain weight (g), feed intake (g) and feed conversion ratio (g feed/g gain) were calculated. the rectal temperature and the respiration rate were measured in rabbits once every two weeks at 9-11a.m. the respiration rate was recorded using a hand counter, which counts the frequency of the flank movement per minute. Internal body temperature was taken using medicine thermometer inserted into the rectum for 2min at depth of 2cm. At the end of the experimental period, three male rabbits from each group were randomly taken for slaughtering. After complete bleeding, pelt, viscera and tail were removed and the carcass and some carcass components were weighted. the blood samples were collected from rabbits during the slaughter and the serum was separated by centrifugation at 3000rpm for 20min and kept in a deep freezer at -20 0 C until the time of analysis. Ast, Alt, total protein, albumin, total lipids, total cholesterol, creatinine and urea concentration in serum were estimated using commercial kits (Bio Merieux, France) according to the procedure outlined by the manufacturer. the globulin concentrations were obtained by subtracting the values of albumin from the corresponding values of total protein.
Digestibility trails
At the end of the experimental period (8 weeks), three rabbits from each treatment were randomly selected and fastened for 24h. each rabbit was housed in a metabolic cage and fed on group respective weighed diet for three days to determine the nutrients digestion coefficients and the feeding values of the experimental diets. Feeds and fresh water were offered ad labium. the scattered refused feed was collected and deducted from the amount offered to obtain the quantity of feed consumed. The feces of individual rabbits falling on a tray covered by aluminum foil was quantitatively collected every 24h, cleaned from hair and scattered feed, dried and weighed. the dried feces from each rabbit were put in screw top glass jar for analysis. Dry matter (DM), crude protein (CP), ether extract (EE) and ash were determined according to AOAC (1990) . the nutrients digestibility coefficients and feeding value of the different ingredients were calculated. 
Statistical analysis
the obtained data were statistically analyzed using the SPSS Program (2007) . A simple one-way classification analysis was used. Mean differences among treatments were tested by Duncan's multiple range test (Duncan, 1955) .
Results and Discussion
Effect of γ-radiation on crude fiber, soluble fiber and in soluble fiber of DDGS the statistical analysis of the data in table 3 demonstrated a significant decrease in crude fiber content of DDGS as a result of exposure to -irradiation treatments. the reduction in the crude fiber content was 2.12, 7.55 and 10.95% at the dose levels of 10, 20 and 30kGy, respectively. Also, a significant increase in the soluble dietary fiber content of DDGS was observed, and the increase was parallel with increasing the radiation doses. NRC (1977) and Cheeke (1987) the results also showed that the insoluble dietary fiber content of DDGS significantly increased, and the increase was proportional with the irradiation doses (30.82, 64.81 and 66.61%) at 10, 20 and 30kGy, respectively. Also from the above data, it was found that the total dietary fiber which is the sum of soluble fiber and insoluble fiber has increased by radiation, and the increase was parallel with increasing the doses of γ-irradiation used up to 30kGy. The observed decrease in crude fiber content of the irradiated DDGs could be attributed to the depolymerization and delignification characteristics of γ-radiation (Sandev & Karaivanov, 1977) . Bhat et al. (2008) found that γ-irradiation at various doses (0, 2.5, 5, 7.5, 10, 15 and 30kGy) decreased crude fiber of velvet bean seeds and the decrease was a function of the irradiation doses. Also, Murugan (2015) found that crude fiber, cellulose and acid detergent lignin contents of γ-irradiated (7 and 14kGy) Brewer's spent grain samples significantly decreased compared to non-treated grains. the dose-dependent decrease in fiber on irradiation has been attributed to depolymerization and delignification of the plant matrix (Bhat et al., 2008) . Irradiation could be another explanation for the observed decrease in crude fiber content and the increase in soluble and insoluble fiber contents as this could be attributed to the breaking of the hydrogenic bonds between cellulose and hemicelluloses as well as the degradation of the inter-linkages in lignin structure (shahbazi et al., 2008) . Irradiation of plant raw materials enhances the solubility of the plant cellulose and enhances the ability of this cellulose to undergo acid hydrolysis. this is due to the radiolytic degradation of cellulose (Ershov, 1998) . Irradiation itself facilitates the separation of polysaccharides from lignin by breaking up the compartmentalized, crystallized lignocellulosic structure (Woods & Pikaev, 1994) .
Effect of experimental treatments on rabbit's performance
Live body weight and gain weight (g) Data in Table 4 demonstrates that a significant (P<0.05) increase was observed in the mean live body weight of rabbits fed diets supplemented with 10% irradiated DDGS for 4 weeks. While, a highly significant (P<0.01) increase in live body weight of rabbits fed diets supplemented with 10% irradiated DDGS was observed at the end of the experiment (week 8), and the increase was parallel with increasing the radiation dose. Meanwhile, diets containing 10% irradiated DDGS significantly (P<0.01) improved weight gain of rabbits compared to those fed control diet supplemented with non-irradiated DDGs at 4 and 8 weeks and the improvement was parallel to the radiation dose. Bernal-Barrágn et al. (2010) and Youssef et al. (2012) reported that rabbits fed diets supplemented with 10 , 20 and 30% of maize DDGS showed improved growth, but did not show any differences in daily weight gains and slaughter weight compared to the control group. In this study, the observed improvement of weight gain in the irradiated DDGs could be due to the γ-irradiation that caused changes in the complex compound to more simple form (Murugan , 2015) .
Feed intake, feed conversion, water intake, rectal temperature and respiration rate
Data tabulated in table 5 shows no significant (P>0.05) differences in feed intake and water intake of rabbits fed diet supplemented with irradiated corn DDGs compared to the control group fed diet supplemented with non-irradiated DDGS. However, there was a significant (P<0.05) difference in feed conversion ratio of rabbits fed diet supplemented with 10% irradiated corn DDGs compared to their control counterpart. An improvement in feed conversion was observed for those fed diets supplemented with irradiated DDGS and the improvement was proportional with increasing the radiation dose. The best feed conversion was recorded for rabbits fed diets supplemented with 10% DDGS and subjected to γ-ray at 30kGy. This is attributed to the observed higher weight gain and lower feed intake in rabbits fed diets supplemented with the irradiated DDGS. Also, there were no significant differences in rectal temperature and respiration rate among the studied groups. Table 6 shows a significant (P<0.05) improvement of the apparent digestibility of dry matter, crude protein and crude fiber of rabbits fed diets supplemented with 10% irradiated DDGS, while no remarkable effect on ether extracts. the highest significant (P < 0.05) increase in digestibility was observed in rabbits fed diet supplemented with 10% DDGS irradiated at the highest dose (30kGy) compared to those fed diet supplemented with nonirradiated DDGs. the herein obtained result concerning the digestibility of dry matter, is in agreement with the study of shahbazi et al. (2008) who reported that increasing γ-irradiation (at 50, 100 and 150kGy) had linearly increased the washout fraction of dry matter (DM) and neutral detergent fiber (NDF) of alfalfa hay. Shawraing et al. (2007) reported that γ-irradiation at a dose higher than 50kGy could increase ruminal dry matter degradability of feedstuffs. Where, γ-irradiation affects the complex bonds and causes the wander-valls power weakens, and consequently results in an extensive degradation of cellulose and increasing the degradability of cell wall constituents (Iller et al., 2002) . the concentration of free radicals and also the number of separated chains from cellulose increase with increasing the irradiation dose (Muto et al., 1995) . Irradiation causes formation of carbonyl groups of cellulose in the presence of oxygen that helps cellulose break down (Muto et al., 1995) . Furthermore, γ-rays lead to the hydrolysis of the glycoside bonds.
Apparent digestibility
For apparent protein digestibility, similar findings were observed by (Zohreh et al., 2017) who found that irradiation at a dose of 30kGy significantly increased the apparent protein digestibility of cottonseed meal compared to raw meal (non-irradiated). Also, El-Niely (2007) studied the influence of irradiation on in vitro protein digestibility of broad beans irradiated at 2.5, 5, 10 and 20kGy, and observed that the in vitro protein digestibility improved by 4.5, 10, 16 and 20%, respectively. Generally, four types of radiation effects on protein are observed: Fragmentation, cross-linkage, aggregation and oxidation by oxygen radicals that are generated in the radiolysis water (Filali-Mouhim et al., 2000) . the hydroxyl and superoxide anion radicals that are generated by radiation could modify the proteins molecular properties which result in alteration of proteins by covalent cross-linkages in proteins after irradiation. A higher protein digestibility after irradiation treatment may be due to the increased accessibility of the protein to enzymatic attack. However, this effect could also be due to inactivation of proteinaceous anti-nutritional factors (Van der Poel, 1990) . Egypt. J.ٌ Rad. Sci. Applic. 31, No.2 (2018) Impacts of IrradIated dIstIllers drIed GraINs wIth soluble (ddGs)........
Cellulose is the most important source of carbon and energy in ruminant's diet. A plant fiber contains a higher proportion of cellulose and hemicellulose as ligno-cellulosic compound which is the main factor restricting animal's digestion of high-fiber content forage because the animal itself does not produce effective cellulose-hydrolyzing enzymes (Czerkawski, 1986) . each glucose residue of cellulose has inter and intra molecular of two hydrogenic bonds and these bonds stabilize the long and parallel chains of cellulose (Krassig, 1993) . γ-irradiation affects these glucosidal bonds with modification in hydro glucose ring (Takacs et al., 1999) and causes the wander-valls power weakens (Muto et al., 1995 and Iller et al., 2002) . the breaking of hydrogenic bonds, formation of carbonyl groups of cellulose in the presence of oxygen helps cellulose breakdown and results in the degradation of the inter-linkages in lignin structure (Muto et al., 1995) .
Carcass traits
Data in Table 7 shows the results of relative carcass weight, dressing % and prime cuts %. Statistical analysis revealed a significant (P<0.01) increase in carcass traits (carcass weight, dressing (%) and prime cuts (%) of rabbits fed diet supplemented with irradiated DDGs at 10, 20 and 30kGy compared to those fed diet supplemented with non-irradiated DDGs. Carcass weight, dressing (%) and prime cuts (%) increased gradually with the escalating radiation dose. this is attributed to the observed improvement of the apparent digestibility of dry matter, crude protein and crude fiber of irradiated DDGS and the consequent improvement of growth performance.
Blood biochemical attributes
Blood biochemical attributes are used to estimate the health condition of rabbits. the plasma indices are important measures of protein adequacy. the plasma proteins, which are easily obtainable in the animal body, are of value in diagnosis of many diseases (elamin, 2013) . the results of blood chemistry are presented in table 8. Ast and Alt, total protein, albumin, globulin, total lipids, total cholesterol, creatinine and blood urea of rabbits fed control diet supplemented with 10% (non-irradiated) and those fed diet supplemented with DDGS subjected to γ-irradiation at 10, 20 and 30kGy did not show significant differences (P<0.05) in all studied blood parameters. 
Conclusion
Based on the results obtained from the current study, it could be concluded that γ-irradiation (at 10, 20 and 30kGy) increased the soluble and insoluble fiber contents of DDGS, increased the apparent digestibility of DDGS and improved the growth performance of rabbits fed irradiated DDGs without any deleterious effects on their physiological and biochemical attributes compared to rabbits fed non-irradiated DDGs.
